Entamoeba histolytica causes widespread amoebiasis in humans. Multiple lines of emerging 13 evidence have identified a repertoire of proteins involved in the process of erythrophagocytosis. 14 However, the early initiation of the erythrophagosome at the site of erythrocyte's attachment is 15 not well understood. Here in our study we have identified and characterized a small Protein kinase 16 D like protein (EhPKDL) in Eh, which nucleates actin polymerization and thus mediates many vital 17 processes in Eh including erythrophagocytosis. Following multiple biochemical and biophysical 18 approaches, we have characterized EhPKDL and have shown that EhPKDL can indeed interact and 19 prime the nucleation of monomeric actin for polymerization. Furthermore, we went on to 20 demonstrate the vitality of the EhPKDL in major actin-mediated processes like capping, motility, 21 and erythrophagocytosis following knockdown of EhPKDL in the cellular context. Our study thus 22 provides novel insights into the early actin nucleation in Eh and thus bridges the gap with our 23 previous understanding of the assembly of erythrophagosomes. 24
Introduction
tested for phosphotransfer activity in histone type III protein, a universal protein kinase 76 substrate. The recombinant EhPKDL cloned in pGEX-4T1 and expressed in E. coli BL21 (DE3) 77 and purified (Fig. 1C) , has successfully phosphorylated the histone type III protein suggesting 78 the protein as an active protein kinase. There was no significant inhibition by both genistein 79 (Tyrosine kinase inhibitor) and staurosporine (Ser/Thr kinase inhibitor) like other known 80 PKDs (Fig. 1D ). The enzyme kinetics of EhPKDL estimates the V max of the enzyme as 93.24 81 nmol/min/mg and K m value as 4.78 ± 0.32 µM for ATP ( Fig.1E ). Localization of EhPKDL with 82 specific custom made antibody shows the protein to cytosolic like any other PKDs (Fig.1F ). 83
Thus above results suggest that the PH domain-containing protein kinase, so far 84 unannotated, with proven kinase activity and deeper sequence analysis shown to be similar 85 to that of human and mouse Protein kinase D (PKD) ( Fig. 1A and B ). Therefore, now onwards 86 it will be referred to as Protein kinase D like kinase (PKDL) in the text. 87
Actin is the substrate of EhPKDL 88
Protein phosphorylation is an important mode of coded messaging employed for cell 89 signaling. Phosphorylation by upstream kinases to a specific downstream protein will 90 actually determine the type and magnitude of the response. Therefore, identification of 91 downstream substrates is central to decipher the molecular function of the protein. To 92 identify the substrate of the EhPKDL, specific antibody raised against EhPKDL was used to 93 pull down the native EhPKDL from cell lysate by Protein A beads. The idea was to pull down 94 all the EhPKDL interacting proteins from Eh cell lysate. All the interacting proteins were 95 resolved in SDS-PAGE, and a comprehensive mass spectroscopic analysis was carried out to 96 identify all the proteins after tryptic digestion. Matrix-assisted laser desorption/ionization-97 time of flight (MALDI-TOF) mass spectroscopy, enabled the identification of actin as one of to self-polymerize that seems to accelerate in the presence of EhPKDL but not GST, which 124 suggests EhPKDL helps in polymerization (Fig. 3A) . Since a G-actin binding motif was 125 identified in EhPKDL ( 89 NVLFSADFEETSALGVYQSTVE 111 ) ( Fig. 3D ), therefore, we analyzed its 126 binding pattern with G-actin by fluorescence spectroscopy. The monomeric pyrene G-actin 127 usually has low signal. Even when EhPKDL was introduced in the reaction with pyrene G-128 actin at a 1∶1 molar ratio of actin to G-actin binding motif, there was no visible spectrum 129 change as actin remained in its G configuration. But with the subsequent stepwise increase 130 in G-actin titrant, an appearance of the first F-actin signal was observed which we presume 131 treated and untreated with EhPKDL specific dsRNA ( Fig. 4A and 4B) were fed with human 148
RBCs. The cells treated with EhPKDL dsRNA showed three times less erythrophagocytosis 149 compared to untreated cells ( Fig. 4C and 4D ). Moreover, EhPKDL treated dsRNA cells scored 150 3 phagocytic cups at 5 min and 7 cups at 10 min per 50 cells which is significantly less than 151 the control and BS1 (non-specific) dsRNA ( treated cells (Fig. 4E ). To study the distribution of 152
EhPKDL during erythrophagocytosis, cells were stained for F-actin with phalloidin (red), and 153
EhPKDL was stained with the specific antibody (green). Confocal images clearly indicate that 154
EhPKDL, which is cytosolic in nature, relocalizes around the newly formed cup decorated 155 with actin, soon after the attachment of RBC to the Eh (Fig. 4F & I) . Interestingly, however, 156 as the cups mature into a phagosome, EhPKDL withdraws from the mature phagosome and 157
is not observed to further co-localize with F-actin ( Fig. 4F , panel 2 and 3 and 4H). The above 158 observation goes on to suggest that EhPKDL is required for phagosome formation where F-159 actin assembly is needed to support the newly formed cup. 160
EhPKDL regulates cap formation 161

EhPKDL regulates cap formation 162
Capping is an immune evasion mechanism employed by E. histolytica, wherein any external 163 molecule that comes and binds to E. histolytica surface proteins gets pooled and aggregated 164 around the uroid region to subsequently fall off, thereby inhibiting further immune 165 augmentation. This selective congression of surface-bound protein with the external agents 166 is mediated by actin (16). EhPKDL is expected to influence capping, but to gauge its primacy 167
we have induced capping in Eh upon ConA binding to surface glycoproteins. Capping 168 reduced from 70% to 12% in EhPKDL specific dsRNA treated cells in comparison to untreated 169 cells ( Fig. 5A and 5B ). Confocal micrograph images show that uncapped cells have surfaced 170 bound ConA all over but could not successfully form a cap. On localization study, actin and ConA showed significant co-localization in the cap but with very little presence of EhPKDL 172 ( Fig. 5C ), thus indicating EhPKDL withdrawal from F-actin once it has evolved from G-actin 173 monomer.
Since PKDs are known to respond to stress (17) , we checked if EhPKDL has any role to play in 176 stress signaling in Eh. E. histolytica cells were exposed to different kinds of stress, and their 177 relative mRNA expression was gauged by RT-PCR. Eh cells seem to over express EhPKDL in all 178 kinds of stress, but their maximum expression was found to be in heat stress, followed by 179 oxidative stress induced by H 2 O 2 and higher O 2 concentration ( Fig. 6A ). Results were further 180 verified by immunoblot analysis, which also showed a similar trend (Fig. 6B ). The above 181 results indicate that EhPKDL is stress responsive and may have some role to play in stress 182 signaling. PKDs are often activated by upstream PKCs (1, 5, 16) by phosphorylation. 183
Therefore, immunoblot detected with anti-phospho-Ser/Thr/Tyr antibody showed EhPKDL is 184 indeed phosphorylated on stress activation ( Fig. 6B ). On post-translational modification, 185 analysis of the protein sequence identified a conserved 137 SGK 139 , which is a PKC 186 phosphorylation site. MEK and MAPK are proteins that are established stress signaling 187 proteins, have also been checked for their mRNA expression. Transcriptional profile of 188
EhMEK was found similar to EhPKDL, where its expression was found maximum during heat 189 stress and was also seen to over-express for other stress conditions as well ( Figure S4A) . 190
There was no significant difference in expression in the case of EhMAPK ( Figure S4B ), which 191 is well known to get activated by upstream MEKs by phosphorylation (18). Since stress 192
activates EhPKDL, therefore, the protein was localized in different stress-activated cells. mostly seen towards the membrane periphery with a substantial amount in the cytoplasm 195 as well ( Fig. 6C ) 196
Heat stress seems to activate EhPKDL many times more compared to any other stress. 197
Therefore, further studies were carried out with heat stress alone. Since actin was identified 198 as substrates of EhPKDL, heat shocked cells were co-localized for the EhPKDL and actin. 199
EhPKDL, along with EhActin, was found to localize beneath the plasma membrane on heat 200 stress, which otherwise also remain in the cytoplasm. On specific dsRNA treatment, there 201 was reduced EhPKDL localization in membrane and cytoplasm. However, on specific dsRNA 202 treatment, cells showed reduced colocalization of EhActin and EhPKDL ( Fig. 7 ). Since actin 203 are proven substrates of EhPKDL ( Fig. 2B and 2C ), now with their co-localization studies in 204
heat stressed E. histolytica, reiterates EhPKDL's involvement in actin rearrangement near 205 the cell membrane. 206
Discussion
207
Actin polymerization is sacrosanct to the cellular functioning, and a plethora of proteins are 208 involved in manifesting its dynamism. Just in recent past an essential modulator of actin 209 dynamics in Eh viz. Eh alpha kinase 1 (EhAK1), was reported to assists in actin polymerization 210 (15). EhAK1 was also implicated in the recruitment of EhARPC1, a subunit of the actin 211 branching complex Arp 2/3 at the phagocytic initiation site (15). The study gives us some 212 molecular insight into this complex process but how de novo actin seeding takes place at the 213 site of F-actin formation in phagocytic cup formation in Eh, remains an enigma. We here 214 report a novel protein kinase as an actin nucleator which promotes an F-actin formation. 215
The protein identified was similar to Protein kinase D, with a kinase domain and Pleckstrin 216 homology (PH) domain in common, but without cysteine-rich domains and so it is referred 217 as PKD like kinase (EhPKDL). Since Entamoeba is an early branching eukaryote, regulatory 218 domains could have evolved for stringent regulation and specific mode of activation in 219 different tissue types in higher eukaryotes. Moreover, there is no similar PKD found in Eh, so 220 this reported EhPKDL could supplement the role of PKDs in Eh. Also, the enzymatic analysis 221 revealed that EhPKDL, like PKDs, is insensitive to staurosporine (19) and genistein. This novel 222 PKD like kinase in Eh has unique substrate in the form of actin, which is the first report for 223 this group of kinases. But what is known, is that PKD regulates the actin dynamics through 224 other mediators like SSH1L, PAK4, cortactin, E-Cadherin, SNAIL, and RIN1 (20-27). EhPKDL 225 bypasses regulators, and itself modulates actin polymerization in Eh, a departure from its 226 conventional role. Binding of EhPKDL to monomeric actin is mediated by a G-actin binding 227 site ( 89 NVLFSADFEETSALGVYQSTVE 111 ) similar to Depactin (10-27 residues) from starfish 228 (28). On further analysis, EhPKDL was found to polymerize G-actin into a filamentous F-quenching studies show molar stoichiometry of EhPKDL-actin interaction is 1:1. Therefore, 231
we expect dimeric EhPKDL can at least absorb two G-actin molecules at a time. This pattern 232 of monomeric actin interaction is well documented for actin nucleation proteins like Spir 233 (29, 30) and Arp2/3 (31-34). We next tested whether the actin-binding sequences in EhPKDL 234 participate in actin filament nucleation. The spatial arrangement of seed actin monomer in 235 the nucleus is of extreme importance as it can determine the stability and length of F-actin 236 EhPKDL, but not in the matured phagosome, where F-actin forms a wreath around the 248 structure. This study also indicates that initial phagocytic cup requires de novo actin 249 nucleation, but once stable F-actin formation is completed, EhPKDL withdraws from the 250 structure. Until actin bound EhPKDL structure is solved, the hypothesized mode of actin 251 nucleation by EhPKDL can be an attractive model but other assisting actin-binding protein in 252 the nucleation of actin polymerization in E. histolytica cannot be ruled out. EhPKDL other 253 than nucleation also phosphorylates G-actin in vitro. In case of E. histolytica, it has been reported that G-actin phosphorylated at Thr107 forms a stable F-actin (15), but for other 255 organism phosphorylation of monomeric G-actin leads to inhibition of F-actin formation, 256
including an amoeba viz. Amoeba proteus (36) and D. discoideum. In D. discoideum, Tyr-53 257 phosphorylation inhibits nucleation and elongation (37). Nucleation is a rate-limiting step in 258 actin polymerization, and therefore, EhPKDL regulates all the cellular activities that are 259 dependent on actin polymerization. Phagocytosis, capping, cell motility are few of the 260 functions mediated by actin dynamics in E. histolytica that were studied in EhPKDL 261 downregulated cells to assess in vivo importance of EhPKDL. All these processes were 262 severely affected due to the lack of sufficient EhPKDL in dsRNA treated E. histolytica cells. 263
Erythrophagocytosis study in EhPKDL downregulated cells shows a reduced intake of RBCs. 264
From the previous study, we know that attachment of RBC to the membrane recruits 265
EhC2PK at the attachment site (Ca 2+ dependent). EhCaBP1 then arrives at the site and 266 interacts with EhC2PK (Ca 2+ independent). By this time, some actin molecule begins to 267 appear at the site along with EhCaBP3. Now, EhAK1 is brought to cupping site by binding 268 with EhCaBP1 (Ca 2+ dependent) (15), which also recruits Arp 2/3 complex for actin branching 269 (15). We presume, G-actin at this site is nucleated with the help of EhPKDL, and maybe 270 together with EhAK1, EhPKDL rapidly polymerizes the actin that helps form the cup. The rest 271 of the process with the recruitment of Ehmyosin 1B through EhCaBP3 which stabilizes the 272 cup may follow. But if the EhPKDL is in conduit with the above cascade of events, involved in 273 phagocytosis, or it follows an entirely different pathway with another set of participating 274
proteins is remain to be seen. 275
As far as capping is concerned EhPKDL downregulated E. histolytica cells could not 276 successfully form a cap, and thus the ConA remain spread over the cell membrane. This 277 clustering of surface glycoproteins followed by renewed refilling from the internal pool is anticipated due to actin dynamics. So when actin nucleation is aberrant due to deficiency of 279 EhPKDL, cells were left with reduced cap formation. Similarly, cell motility is also mediated 280 by actin polymerization, which helps in polarization, quintessential for amoebic movement. 281
Polarized E. histolytica usually has pseudopodia and a terminal uroid region. Pseudopodia 282
give the direction to the cell along which come the cell mass with an intracellular churning 283 of protoplasm called cell cyclosis regulated by self-generated chemokines and 284 chemorepellents (38). On EhPKDL specific dsRNA treatment, cells lose its motility 285 significantly due to reduced F-actin for the cell to polarize. EhPKDL is found to be stress 286 responsive, and it becomes activated via phosphorylation along with its increased 287 expression. Since EhPKDL was not found to autophosphorylate itself in in vitro kinase assay, 288 therefore, we presumed it might be due to upstream activation by other kinases. Usually, 289
PKD was found to be activated by phosphorylation by upstream PKCs, and Eh does have was mixed with the reaction to stop the reaction and then applied to P81 phosphocellulose 325 paper (2X2 cm). A minute after the incubation, the papers were washed thrice with 1 liter of 326 fresh 75 mM phosphoric acid for 10min, then rinsed with 50 ml of acetone, and placed in 327 the hood (5 min) to dry. The specific radioactivity of 32P-labeled substrates (cpm pmol -1 ) 328 was determined by a scintillation counter from the amount of radioactivity detected from 329 the known amount of total substrate that was applied to the P81 paper. The µM amount of 330 phosphorylated product formed was determined by reference to the specific radioactivity of 331 The mixture was then incubated for 3 min at room temperature before starting the scan. 412
Unlabelled actin was subsequently titrated in 0.4 μM aliquots until desirable polymerization 413 was obtained. Fluorescence emission was analyzed between 350 and 500 nm at an
Preparation of dsRNA construct for EhPKDL silencing 417
The region of the gene used for dsRNA production was chosen as such that it was least 418 similar to other E. histolytica but contained the highest possible of number of siRNAs (39). 419
The 189 bp region from 122 bp to 311 bp of the EhPKDL gene was found most suitable. A 420 non-specific dsRNA, a 150 bp region of oxygen-independent flavin mononucleotide (FMN)-421 based fluorescent protein of Bacilus subtilis (BS1) was chosen as a negative control. These 422 gene fragments were PCR amplified with gene-specific primers (Table S1 ) and sub-cloned 423 into the TA-cloning vector pTZ57R/T (Fermentas, USA). DNA inserts were cut out from the 424 TA-cloning constructs using restriction enzymes (BglII/XhoI for EhPKDL and BS1) and were 425 subsequently cloned into (BamHI/XhoI) double digested expression vector pL4440 426 (Addgene, USA) which is flanked by T7 promoters at both ends. The plasmid constructs 427 made were verified by restriction digestion and DNA sequencing. The plasmids construct 428 were transformed and expressed in HT115 (DE3) E. coli strain, which is RNase III-deficient. 429
For bacterial transformation, competent cells were prepared in calcium chloride (41). 430
Competent cells transformed with recombinant plasmids were selected on LB plates 431 containing ampicillin (100 µg ml -1 ) and tetracycline (12.5 µg ml -1 ). For dsRNA expression, 432 overnight bacterial cultures of confirmed recombinant clones were inoculated in 500 ml LB 433 broth supplemented with ampicillin and tetracycline at 37ºC with shaking at 220 rpm. 434
Bacterial cells were induced for dsRNA production with 0.5 mM IPTG when the optical 435 density of the culture reached 0.4 at 600 nm. 436 437
Purification of dsRNA 438
Expressed dsRNA in HT115(DE3) E. coli strain were isolated using a previously described 439 method (41, 42). The bacterial pellet was suspended in 1/20th of the initial induction volume containing 10 mM EDTA, 1 M ammonium acetate. An equal volume of phenol: 441 chloroform (1:1) mixture, was added and incubated at 60ºC for 30 min, followed by 442 centrifugation at 9300Xg for 15 min. The upper aqueous layer was separated and mixed 443 with an equal volume of isopropanol and incubated at −20ºC for 30 min. The nucleic acid 444 pellet was obtained after centrifugation at 9300g for 30 min. The pellet was further washed 445 with 70% ethanol, air-dried, and finally resuspended in 5 ml of nuclease-free water. For 446 removal of contaminating DNA and single-stranded RNA, the nucleic acid mixture was 447 treated with 0.1 U l -1 of DNase (Fermentas) and 0.2 g l -1 of RNase A (Sigma) at 37ºC for 3 h. 448
Further purification of dsRNA was obtained with Ribozol (Ameresco, USA) chloroform 449 treatment (as suggested by manufacture's protocol) and kept at room temperature for 2-3 450 min. Aqueous layer separated after centrifugation at 16,000 × g for 15 min was collected 451 and mixed with an equal volume of isopropanol and incubated at -20ºC for 30 min. Purified 452 dsRNA pellet was obtained on centrifugation at 10,000 rpm for 25 min at 4ºC. The pellet was 453 then washed twice with 70% ethanol at 9300 × g for 5 min at 4ºC. The pellet was then air 454 dried and dissolved in 1 ml of nuclease-free water. Isolated dsRNAs were analyzed by 455 agarose gel electrophoresis, and their concentrations were determined using a 456 spectrophotometer (Thermo Scientific, USA). 457 458
Silencing of EhPKDL with specific dsRNA 459
Exponentially growing E. histolytica cells were harvested and seeded in fresh TYI-S-33 media 460 at a final density of 5 × 10 5 cells ml -1 were soaked in purified 200 µg ml -1 of EhPKDL specific 461 dsRNA for 24 h at 25ºC. E. histolytica cells were then harvested and analyzed for EhPKDL 462 silencing by sqRT-PCR and western blot. 463
sqRT-PCR analysis 465
For sqRT-PCR analysis for studying gene expression, total RNA was isolated from E. 466 histolytica cells using Ribozol (Ameresco, USA) following the manufacture's protocol. The 467 total RNA isolated was treated with RNase-free DNase (Fermentas, USA) to remove the 468 contaminating DNA. Approximately 1 µg of total RNA was used for cDNA synthesis using the 469 MMLV reverse transcriptase (Fermentas, USA) following the manufacturer's protocol. For 470 sqRT-PCR, gene-specific primers were designed to amplify a small region (200-400 bp) from 471 the 3' end of the genes (Appendix). Usually, a PCR mixture of 50 µl was prepared. The 472 reaction cycle typically used was 94ºC for 1 min, followed by 22-30 cycles (depending on 473 the saturation of the amplified products) at 94ºC for 30 s, 50ºC-55ºC for 30 s, and 72ºC for 474 was optimized for obtaining most accurate results (43) . 485
Measuring gene expression by RT-PCR 486
Total RNA from cells under different stress conditions was prepared with TRIzol Reagent The default PCR Cycling conditions were employed: 2 min at 50°C for UDG activation, 10 min 496 at 95°C for AmpliTaq DNA Polymerase activation followed by 40 cycles of 15 s at 95°C, 1 min 497 at 60°C. Melting curve analysis was done to confirm the specificity of amplicons. 498
Quantification of gene expression differences was performed using the 'delta-delta-CT' 499 method with ARF as the normalizer gene. All experiments were carried out at least in 500 triplicate with templates from independent experiments. 501
502
Immunobloting 503
For expression analysis with western blot, 60 µg of total cell lysate (lysate was prepared as 504 discussed in section 3.2.3 in materials and methods) estimated by Bradford assay kit (Genei, 505 India) using BSA as a standard, were separated on 10-12% SDS-PAGE. The protein was then 506 transferred on to a polyvinylidene fluoride membrane (PVDF) (Millipore, USA) using a semi-507 dry transfer system (Bio-Rad, USA). The membranes were then blocked for non-specific 508 antibody binding with 5% skimmed milk (HiMedia, India) and for specific detection of 509 phosphor-proteins 3% BSA (HiMedia, India) in 1X phosphate-buffered saline with 0.1% 510
Tween-20 (PBST), pH 7.4 was used. The individual proteins were detected with specific 511 polyclonal antibodies raised in rabbit and antibody dilution used were anti-EhPKDL, 1:3000; anti-ARF, 1:2000; Ser/Thr/Tyr mouse monoclonal antibody (Abcam, USA), 2 µg/ml. Binding 513 with primary antibody carried out in room temperature for 1 h. After intermittent washing 514 with PBST binding with secondary anti-rabbit immunoglobulins antibody conjugated to HRP 515
(1:5,000, Sigma, USA) was allowed for about 1 h at room temperature. Finally, blots were 516 developed by ECL reagents (Millipore, USA). 517 518
Phagocytosis of red blood cells by E. histolytica 519
Human red blood cells (RBC) were collected from blood, were washed with 1XPBS followed 520 by incomplete TYI-S-33 for three times each. Log phase growing E. histolytica cells treated or 521 untreated with EhPKDL dsRNA for 24 h, were harvested in 1XPBS. Harvested E. histolytica 522 cells were incubated with RBCs in 1:10 ratio at 37ºC for 5 and 10 mins. Total cells were 523 collected by centrifugation, and non-phagocytosed RBCs were lysed with cold distilled 524 water. E. histolytica cell with engulfed RBCs was separated by centrifugation at 1000 g for 2 525
min and subsequently washed twice. The cell pellet was finally resuspended in 1 ml formic 526 acid to burst E. histolytica cells containing engulfed RBCs. The optical density of the samples 527 was measured at 400 nm using formic acid as the blank (15). For confocal studies, E. 528 histolytica cell lysis was avoided; rather cells were fixed in 4% paraformaldehyde (PFA). 529 530
Induction of cap in E. histolytica 531
Capping in E. histolytica was induced as described by published methods (44). In short, log 532 phase E. histolytica were harvested, washed with 1XPBS. Washed cells were treated with 533 TRITC tagged Concanavalin A (20 µg ml -1 ) (Sigma, USA) for 1 h at 4ºC. For cap induction cells 534 were incubated at 37ºC for 5 min. After Concanavalin A-TRITC treatment, E. histolytica cells 535 were fixed with 3.7% PFA.
Determination of E. histolytica motility 537
Motility of the Eh trophozoites was determined by using polycarbonate transwell membrane 538 inserts (8-μm pore size, 6.5-mm diameter, HiMedia, India), as described by Shahi et al., 539 (2016). Briefly, Eh cells untreated and treated with dsRNA (for 24 h) were harvested and 540 then washed three times in serum-free Diamond's TYI-S-33 media. In the meanwhile, 24-541 well cell culture plates were filled with serum-free Diamond's TYI-S-33 media, and in each 542 well, a transwell membrane was inserted. Now the 500-μl harvested trophozoites having 543 25x10 5 trophozoites/ml were then loaded into the transwell membranes, and the plates 544 were then placed in an anaerobic chamber for three hours at 37°C. After the incubation, the 545 transwell membrane inserts were removed from the wells, and the migrated trophozoites 546
attached to the bottom of the wells were counted for determining the extent of cell 547 motility. 548 549
Induction of stress in E. histolytica 550
The E. histolytica trophozoites grown for 48 h were subjected to different stresses. Cells 551
were kept under heat shock at 42ºC for 1 h; exposure to H 2 O 2 was done at a concentration 552 of 0.7 mM for about 1 h. Since E. histolytica is microaerophilic, higher oxygen does induce 553 stress. Therefore, high O 2 stress was induced by seeding E. histolytica cells in 25 cm 2 culture 554 flask having 5 ml TYI-S-33 media for 3 h. In another set of experiment, E. histolytica cells 555
were cultured in serum-free TYI-S-33 media for 12 h at 37ºC. Normal trophozoites grown for 556 48 h were taken as control. 557
Immunofluorescence staining for microscopy 560
For RBC engulfed and all kinds of stress-induced E. histolytica cells, fixing were done in 3.7% 561 pre-warmed PFA for 30 min. Fixed cells were permeabilized with 0.1% Triton X-100 in PBS 562 for 1 min, and immediately cells were washed with PBS thrice and subsequently treated 563 with 50 mM NH 4 Cl. Non-specific staining was avoided with pre-incubation in 1% BSA in PBS 564 for 30 min. For immunostaining, cells were incubated with primary antibody for 1 h at 37ºC 565 followed by washing (thrice) with 1% BSA in PBS. After that, cells were treated with 566 secondary antibody was 30 min at 37ºC. The polyclonal anti-EhPKDL antibody used was 567 raised in rabbit and subsequently purified with Protein A-Sepharose (Invitrogen, USA). 568
Dilutions of antibody used were: anti-EhPKDL 1:500, anti-rabbit Alexa 488 at 1:300 dilution, repeated three times in triplicates. One-tailed Student t-test was used for statistical 781 comparisons (**p-value≤0.01). D. Eh cells treated with or without dsRNAs for 24 h were 782 allowed to engulf RBCs for different timings at 37ºC so to capture different stages of 783 phagosome formation. Cells were then fixed and stained for actin with TRITC-Phalloidin, and 784 nucleus with DAPI. Polymerized F-actin at phagocytic cups is marked by solid arrowheads. immunostained with anti-EhPKDL antibody followed by Alexa 405 tagged secondary 808 antibody, actin was stained with Alexa 488-Phalloidin. On microscopic study, it was 809 observed that EhPKDL co-localized in the cap, but in the EhPKDL dsRNA treated cells it did 810 not; also, the treated cells were observed with reduced F-actin formation. D. The motility of 811 E. histolytica trophozoites in control and dsRNA treated cells were investigated using the 812 transwell assay (for details check materials and methods). The motility of control 813
trophozoites was considered 100%. The motility of the dsRNA-treated trophozoites was 814 significantly reduced from that of the control. Mean ± standard deviation are calculated 815 from three independent experiments. An unpaired Student's t-test was performed for 816 statistical comparison. **p-value≤0.01. 817
Figure. 6. EhPKDL responds to stress and gets phosphorylated. 818
A. E. histolytica was exposed to different stress conditions to estimate EhPKDL's relative 819 expression mRNA was analyzed using RT-PCR, B. Stimulated cells with different stress 820 conditions shows higher levels of EhPKDL phosphorylation, as probed with anti-Ser/Thr/Tyr 821 antibody followed by secondary anti-mouse IgG antibody. ADP-ribosylation factor (ARF) 822 protein was considered as the internal control. C. Confocal micrograph stained for EhPKDL in 823 stressed cells reaffirmed higher expression of EhPKDL, but now upon stress, EhPKDL was 824 found to relocalize from cytoplasm to cell membrane in a significant amount. EhPKDL was
Figure. 7. EhPKDL co-localizes with actin on heat stress. 828
E. histolytica was stimulated on exposure to heat stress at 42ºC for 1 h. Cells were then fixed 829 and immunostained with anti-EhPKDL antibody followed by Alexa 488 labeled ant-rabbit 830 antibody. Cells were stained for F-actin using Rhodamine-Phalloidin and DAPI stained 831 nucleus. Finally, heat treated or untreated cells with or without soaking in EhPKDL dsRNA 832
were analyzed under the confocal microscope. Microscopic analysis shows relocalization of 833
EhPKDL from the cytoplasm to membrane along with increased F-actin aggregation beneath 834 the cell membrane in heat stimulated cells, but not in EhPKDL specific dsRNA treated Eh 835 cells. 836
Figure. 8. Schematic representation of EhPKDL's mode of action in E. histolytica 837
In response to different kinds of stress, EhPKDL is activated upon on phosphorylation by a 838 presumptive upstream Protein kinase C. Activated EhPKDL forms dimer and now is able to 839 nucleate G-actin and hastens the process of actin polymerization. Thus, EhPKDL can 840 effectively control various cellular processes dependent on action dynamics. 
